.4 V 




Europaisches Patentamt 
European Patent Office 
Office europe*en des brevets 



© Publication number: 



0 315 814 

A2 



© 



EUROPEAN PATENT APPLICATION 



0 Application number: 88117531.9 
© Date of filing; 21.10.88 



© int. Ci/ C08J 9/26 , B29C 59/00 , 
A61L 27/00 , A61F 2/06 



© Priority: 23.10.87 US 111889 

© Date of publication of application: 
17.05.89 Bulletin 89/20 

© Designated Contracting States: 
DE FR GB 



© Applicant: DOW CORNING CORPORATION 
P.O. Box 1767 

Midland Michigan 48686-0994(US) 

© Inventor: Frisch, Eldon Eugene 
1311 Glendale 
Midland Michigan(US) 

© Representative: Spott, Gottfried, Dr. et at 
Patentanwalte Spott und Puschmann 
Sendlinger-Tor-Platz 11 
D-8000 Munchen 2(DE) 



© Methods for forming porous-surfaced polymeric bodies. 

© A method of making a polymeric body having a 
porous surface by a) applying a fluid polymeric 
composition to a mold surface of a leachable foam 
having open pores thereon, b) curing the composi- 
tion to form the polymeric body, and c) leaching the 
foam from the polymeric body with a suitable solvent 
which does not dissolve the polymeric body. The 
method is especially suitable for making porous sili- 
cone elastomer bodies by using polystyrene foam as 
the mold material and the method is useful for 
forming hollow, porous-surfaced polymeric bodies, 
e.g. mammary and vascular prostheses. 
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METHODS FOR FORMING POROUS-SURFACED POLYMERIC BODIES 



The present invention relates to methods for 
forming porous-surfaced polymeric bodies and par- 
ticularly to such methods which use leachable, 
foamed materials as the molding surface. 

In the medical field, it has been suggested that 
it is advantageous for some applications to use 
implantable polymer-based devices having porous 
surfaces. For example, it has been suggested that 
vascular prostheses having porous surfaces on the 
inside aid in keeping blood clots on the surface of 
the vascular prosthesis and reduce the chances of 
having the clots break off the vascular wall, enter 
the bloodstream, and embolize to various parts of 
the body. It has also been suggested that having a 
porous outer surface en mammary prostheses re- 
duces the chances of capsular contracture. 

There remains a need for a method of making 
porous-surfaced polymeric bodies that 1) is rela- 
tively simple to perform with relatively few steps to 
perform, 2) does not use fragile water-soluble gran- 
ules, such as salt, 3) allows for simple control of 
the pore size, 4) does not require homogeneously 
dispersing insoluble crystals in the polymeric com- 
position or mixing of viscous compositions, 5) does 
not require bonding, lamination or using multiple 
solutions to make a porous and non-porous dual- 
layered body, 6) can utilize polymeric dispersions 
or solutions, 7) can utilize relatively low viscosity 
compositions, and 8) minimizes polymer-entrapped 
materials. 

The invention disclosed herein provides a 
method of making a polymeric body having a po- 
rous surface comprising the steps of a) applying a 
fluid polymeric composition to a mold surface of a 
leachable foam having open pores thereon, the 
composition being capable of forming a polymeric 
body having resistance to a solvent capable of 
dissolving the foam, b) forming said composition 
into a cohesive polymeric body while in contact 
with the foam, and c) leaching the foam from the 
polymeric body with the solvent. The invention also 
relates to the method wherein the polymeric com- 
position is a silicone elastomer composition, espe- 
cially one which is dispersed in hexamethyldisilox- 
ane, and the leachable foam is polystyrene. The 
invention further relates to forming hollow porous- 
surfaced polymeric bodies, especially useful for 
forming mammary and vascular prostheses. 

Briefly, the invention comprises a method of 
forming porous surfaced polymeric bodies by ap- 
plying a polymeric composition to the surface of a 
mold of foam material which is shaped to be the 
mirror image of the desired shape of the polymeric 
body and has the desired pore size and density. 



The polymeric composition is then at least partially 
cured, and the foam material is then extracted from 
the polymeric composition using a solvent which 
dissolves the foam, but does not substantially dis- 

5 solve the polymeric composition, thereby leaving a 
porous-surfaced polymeric body. 

Various polymeric compositions may be used 
in the method of this invention, so long as the 
compositions can be in a fluid form that does not 

70 dissolve the foam material used as the molding 
surface. Furthermore, the compositions must be 
capable of forming a material which does not dis- 
solve with the solvent used for dissolving the foam. 
Highly suitable compositions are crosslinkable 

75 compositions. The compositions may be solvent- 
less, in solvent, or in emulsion form. The important 
consideration for solvent-containing compositions, 
is that the solvent for the composition cannot be a 
solvent for the foamed material. The compositions 

20 may be those that form rubbers or plastics and 
may be curable at room-temperature, or with expo- 
sure to heat. UV, or electronbeam, etc. with or 
without partial vacuum. The curing temperature is 
limited by the temperature that the foam will with- 

25 stand before losing its shape. For the method of 
this invention, it is preferred that compositions re- 
quiring mild heating be employed to avoid pre- 
mature gelation of the composition prior to applica- 
tion to the foam. 

30 Suitable polymeric compositions include 

epoxy-functional resins, vinyl latexes and silicone 
compositions. Suitable silicone compositions that 
may be used in the method include, for example, 
elastomeric compositions which cure via =SiH to 

35 CH 2 = CHSi« addition, in the presence of a. catalyst, 
such as a platinum catalyst. This addition reaction, 
which is well-known in the silicone art, may be 
room temperature or heat curing. Preferably, the 
composition is diluted in a suitable solvent, e.g. 

ao hexamethyldisiloxane (DOW CORNING® 200 Fluid, 
0.65 cSt.), to prolong curing of the composition and 
to obtain a desired working viscosity. Hexamethyl- 
disiloxane is an especially good composition sol- 
vent when polystyrene is used as the foam material 

45 since the hexamethyldisiloxane does not dissolve 
polystyrene and readily evaporates during air dry- 
ing. Other volatile silicones that will dissolve un- 
cured silicone elastomer would work in this inven- 
tion, also. For example, when the silicone composi- 

50 tion is a fluorosilicone elastomer dispersion, a suit- 
able solvent would be a fluorosilicone, e.g. di- 
trifluoropropyltetramethyldisiloxane. 

Condensation curable compositions containing 
siloxanes having *SiOH radicals and crosslinkers 
having »SiOR radicals, which are also well-known 
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in the silicone art, could also be used, especially if 
they were sprayed on from a two-part package, 
wherein one part is reactive toward the other, so 
they are not brought into contact with one another 
until they are applied to the mold surface. 

Another type of polymeric composition that 
would work with* polystyrene foam molds are sili- 
cone latex compositions. Methods of- preparing 
aqueous, crosslinked polydiorganosiloxane latexes 
that would be suitable for this invention are de- 
scribed by Huebner and Saarn in U.S. Patent Nos. 
4,568.718 and 4,584,341. 

Other polymer latex products could work with 
foam molds such as those of polystyrene, as long 
as the cured product of the latex is not dissolved 
with the solvent used to dissolve the foam. 

The viscosity of the fluid polymer composition 
effects the penetration of the composition into the 
foam cells, the time required to coat a mandrel (if a 
mandrel is used), and, therefore, the time required 
for forming the porous-surfaced polymeric body. It 
is desirable to use a composition having a low 
enough viscosity to penetrate the foam's pores in 
the time desired, yet a high enough viscosity to 
avoid excessive run-off when the composition is 
applied to a mandrel. Generally the higher the 
composition viscosity, the slower its penetration, 
and the lower the composition viscosity the more 
applications required to build up a thickness of the 
polymeric composition. When using relatively thick 
compositions one could employ the technique of 
vacuum impregnation which pulls a vacuum on the 
foam to remove the air contained in the pores, thus 
ensuring faster penetration of the composition. 

For dipping a polystyrene foam mandrel in a 
silicone dispersion, the preferred viscosity range of 
the silicone dispersion is from about 200 to about 
2000 cps. as measured with a BROOKFIELD visco- 
meter using a #1 spindle and a speed of 10 
RPM's. Suitable concentrations of the dispersion 
range from about 9-15 weight % silicone in hex- 
amethyldisiloxane. with more preferred concentra- 
tions ranging from 9 to 10 weight % silicone. 

Various foamed materials may be used for the 
present invention. The foams may have various 
ratios of open cell to closed cells; however, the 
foam's surface needs some open cells in order for 
the polymeric composition to penetrate into the 
foam to form a porous-surfaced body. If there are 
no or few open pores on the surface of a foam, one 
could air-blast the foam or otherwise fracture the 
cell walls on the outside surface. The resulting pore 
size and density of the porous surface is controlled 
by the cell size and density of the foam material 
employed. 

The foams must be leachable by a solvent 
which does not dissolve the polymeric body. Suit- 
able leachable foams include those foams which 



are substantially uncrosslinked, for example, poly- 
styrene foam, styrene-containing foams, foamed 
gelatin, and foamed sugar when used with appro- 
priate polymeric compositions and leaching sol- 

5 vents. Polymeric materials which work well with 
polystyrene and styrene-containing foams are sili- 
cones, epoxies, and vinyl latexes. An example of 
an epoxy coating resin which will work in the inven- 
tion with polystyrene foam molds is formed from 

70 combining the epoxy resin, EPOXICAL S-415 Sur- 
face Coat Resin, with the amine hardener, EPOX- 
ICAL S-401 Surface Coat Hardener, both available 
from Plaster Supply House in LaGrange, Illinois. 
The silicone compositions described above are 

75 suitable with polystyrene foam molds. Using either 
foamed gelatin or foamed sugar has the inherent 
advantage that the foam is leachable with water. 
When forming products for medical purposes, it is 
preferred that medical-grade foams be employed. 

20 The foam may be in the form of a mandrel, 

may be a surface layer on a mandrel made of, e.g. 
metal, may form a mold itself, or may be any 
portion of a mold or mandrel, depending on the 
desired placement of a porous surface. When the 

25 foam is on the outside surface of a mandrel or is a 
mandrel itself, the method is useful for forming 
hollow polymeric bodies having a porous surface 
on the inside. If the hollow body can be turned 
inside out, the porous surface can thereby be 

30 moved to the outside surface. When the foam itself 
forms a mold cavity, the resulting silicone body can 
be solid with a porous outer surface. A hollow body 
may also be formed by inserting a solid mold into 
a foam mold and filling the space between the 

35 solid and the foam molds with the polymeric com- 
position. 

To prepare foam for use as a molding surface, 
a preformed piece of foam is shaped into a form 
which is the mirror image of the desired shape of 

40 the polymeric body, and, if necessary, the foam is 
cleaned and its surface pores are opened. Any 
method for shaping the foam may be used, e.g., 
the foam may be shaped while it is being formed, 
shaped by hand, or by machine. A handle may be 

4£ inserted into the foam for holding or handling the 
foam, e.g. when shaping the foam or when using 
the foam as a mandrel. For secure attachment of 
any auxiliary tools to the foam, an adhesive or 
mechanical attachment may be used. 

so When polystyrene or polystyrene-containing 

foam is used, the foam is shaped into the desired 
form, and sanded lightly to open the surface pores 
more, if desired. Then, preferably, the foam is 
blown with air or other gas to remove loose foam 

55 flakes and dirt to ciean and open the pores. I have 
found that using air at a pressure of about 80 psi to 
be satisfactory. Then the foam may be washed in 
the solvent to be used for the dispersion. Epoxy 
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glue may be used for securely attaching any auxil- 
iary tools, such as a handle, to the foam. 

Applying the polymeric composition to the 
mold could be done by pouring the composition 
into or onto the mold, and, if the mold is a mandrel, 
by dipping, spraying, rolling, brushing, etc. The 
thickness of the elastomeric body can be controlled 
by the amount of composition applied to the man- 
drel, e.g. by the number of dips and/or the viscos- 
ity of the' polymeric composition. When it is desired 
to form a hollow, porous surfaced polymeric body, 
generally several applications of the composition to 
the mandrel are required, the first few applications 
filling the pores of the foam and the later ones 
building the non-porous outer layer. Generally, pre- 
paring porous -surfaced hollow bodies according to 
the invention will require more applications of the 
composition than would non-porous hollow bodies. 

There are various ways of improving the pene- 
tration of the polymeric composition and reducing 
air bubbles at the surface of the molds or man- 
drels. These ways are carried out. for example, 1) 
by wetting or soaking the mandrel with the solvent 
prior to applying the composition if the composition 
is in solvent, 2) by keeping the mandrel immersed 
in the composition longer if the mandrel is being 
dipped in the polymeric composition, and 3) by 
drawing a slight vacuum on the composition while 
the composition is being applied to the mold. 

For forming hollow, porous-surfaced silicone 
bodies, dipping polystyrene mandrels in the 
platinum-curing silicone dispersions mentioned 
above has been found to be highly suitable. For 
dipping polystyrene foam mandrels in a 10 weight 
% silicone dispersion in hexamethyldisiloxane, it 
has been found that best results are achieved when 
the mandrel remains in the dispersion for about 1 5 
minutes for the first dip, so that the dispersion can 
thoroughly wet and penetrate the foam and the air 
bubbles can escape. After several dips, the forma- 
tion of a non-porous layer becomes evident as the 
coated mandrel surface changes from dull to 
glossy in appearance. 

The conditions for setting or curing the applied 
polymeric composition are dictated by the type of 
composition used. In most cases, the composition 
needs only to be partially cured to continue with 
the process and extract the solvent-elutable foam. 
If the polymeric composition is to be heat cured, 
the composition must be curable at temperatures 
mild enough so as not to significantly 'disturb the 
characteristics of the foam before the polymeric 
composition is set. For example, for a particular 
polystyrene foam, the heat distortion temperature 
(the temperature at which no distortion by heating 
alone takes place) may be between 165* and 
175* F. Therefore, the initial curing should be kept 
below 165* F. when using such a polystyrene as 



the foam. 

Once the polymeric composition is at least 
partially cured, the foam can be extracted with a 
suitable solvent. The extraction process removes 

5 the foam, leaving the porous polymer body intact 
with pores wherever the foam material was present. 
Polystyrene foam may be solvent-extracted using 
ketones, esters, or aliphatic, aromatic, or chlorinat- 
ed hydrocarbons, such as hexane, toluene, naph- 

10 tha, xylene, octane, benzene, chloroform, methyl- 
chloroform, and methylene chloride. Leaching sol- 
vents having up to 16 carbons are preferred for 
ease of removal from the polymeric body. 

Several leaching techniques are known and 

75 may be used with or without heating. In some 
cases, for example, when using polystyrene foam 
for forming medical devices, care should be taken 
to remove as much of the foam as possible. Em- 
ploying a soxh let-type extractor has been found to 

20 work well when making silicone elastomeric bodies 
for medical use. In cases when the polymeric body 
is swollen by the extraction solvent, care must be 
taken with handling the polymeric body to avoid 
tearing it. 

25 After the foam is dissolved away from the 

polymeric body, the extraction solvent is removed 
from the polymeric body. If the polymeric body 
was only partially cured, the curing may then be 
completed. 

30 The methods of the invention are useful for 

preparing porous surfaced bodies, and are espe- 
cially useful for preparing hollow porous-surfaced 
bodies, e.g. balloon-type bodies, such as mam- 
mary prostheses, tissue expanders, drug-releasing 

35 implants, or blood storage bags or tubular bodies, 
such as vascular prostheses. 

The porous surface may be further treated, as 
desired, such as making the surface hydrophilic, 
and coatings, such as barrier coats, may be ap- 

40 plied to any non-porous surface of the polymeric 
body. 



EXAMPLE 1 

45 

A silicone elastomer porous-surfaced envelope 
similar to those used to form mammary prostheses, 
but smaller, was prepared as follows. 

Using a rasp, a 2", x 3" x 3", block of insula- 

50 tion grade polystyrene foam available from The 
Dow Chemical Company, Midland, Ml, was shaped 
into a breast-shaped mandrel. The surfaces were 
blown with air pressurized to about 80 psi to re- 
move dust and open the first lew layers of pores. A 

55 rod-shaped handle was attached to the mandrel 
and the mandrel was the dipped into a 12 weight 
% dispersion in hexamethyldisiloxane of an 
elastomer composition consisting essentially of a 
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dimethylmethylvinylpolysiloxane gum elastomer 
base, a dimethylmethylhydrogenpolysiloxane cros- 
slinker, and a platinum catalyst which was mixed 
just prior to dipping since the pot life of the mixture 
is limited. The mandrel was allowed to soak until 5 
surface bubbling had essentially ceased 
(approximately 15 minutes), and then the mandrel 
was withdrawn slowly, and the hexamethyldisilox- 
ane allowed to evaporate. The mandrel was dipped 
a second time and again soaked until the bubbling w 
ceased. The mandrel was dipped an additional 13 
more times, and then the coated mandrel was air 
dried thoroughly, then placed in a room-tempera- 
ture oven. The oven temperature was increased to 
150' F. at a rate of 10* F. per hour and the poly- 75 
meric coating allowed to cure at 150 F. for about 1 
1/2 to 2 hours. The mandrel was then placed and 
agitated slightly in a bath of chlorothene and left 
until the polystyrene dissolved. The remaining 
polymeric body or envelope was then removed 2C 
from the chlorothene bath and dried thoroughly. 
The envelope was then turned inside out and 
placed in a soxhlet extractor and extracted with 
chlorothene for 8* hours with the extractor operating 
at a reflux rate of approximately 4 cycles per hour. 25 

The hole was then patched with a piece of 
porous-surfaced elastomer and then the envelope 
was post-cured by placing it in a 350 " F. oven for 8 
hours, which resulted in a silicone elastomer 
porous-surfaced envelope. 



EXAMPLE 2 

In this example, a silicone elastomer tube 1", 35 
in diameter and 3 1/2" long having a porous inner 
surface was prepared by a similar method as de- 
scribed in Example 1. A rod-shaped polystyrene 
foam mandrel was dipped 15 times in a 10 weight 
% dispersion in hexamethyldisiloxane of the sili- 40 
cone elastomer composition of Example 1. The 
silicone composition was then cured, the polysty- 
rene removed with chlorothene, and the silicone 
post-cured to result in a silicone elastomer tube 
having a wall thickness of 0.020 inches and a 4$ 
porous inner surface. 



EXAMPLE 3 



50 



In this example, a two-part liquid epoxy con- 
sisting of EPOXICAL S-415 Surface Coat Resin and 
EPOXICAL S-401 Surface Coat Hardener, both 
available from Plaster Supply House in LaGrange, 
Illinois, was coated on a piece of insulation grade 55 
polystyrene foam supplied by The Dow Chemical 
Company, Midland. Ml, and allowed to. cure. The 
polystyrene foam was then dissolved with 



chorothene and the remaining epoxy resin had a 
porous surface. 

These and other variations of the present in- 
vention may be made which fall within the scope of 
the appended claims even though such variations 
were not specifically discussed above. 



Claims 

1. A method of making a polymeric body hav- 
ing a porous surface comprising 

a) applying a fluid polymeric composition to 
a mold surface of a leachable foam having open 
pores thereon, said composition capable of forming 
a polymeric body having resistance to a first sol- 
vent, 

b) forming said composition into a cohesive 
polymeric body while in contact with said foam, 
and 

c) leaching the foam from the polymeric 
body with said first solvent. 

2. The method as claimed in claim 1 wherein 
the polymeric composition is dispersed in a*second 
solvent. 

3. The method as claimed in claim 1 wherein 
the polymeric composition is a silicone elastomer 
composition. 

4. The method as claimed in claim 3 wherein 
said silicone elastomer composition is dispersed in 
hexamethyldisiloxane. 

5. The method as claimed in claim 1 wherein 
the foam is a polymeric foam. 

6. The method as claimed in claim 5 wherein 
the foam is formed of a styrene-containing poly- 
mer. 

7. The method as claimed in claim 6 wherein 
the foam is formed of polystyrene. 

8. The method as claimed in claim 7 wherein 
said first solvent is selected from the group con- 
sisting of aliphatic, aromatic, and chlorinated hy- 
drocarbons. 

9. The method as claimed in claim 3 wherein 
the mold surface is the outside surface of a man- 
drel, said method thereby forming a hollow silicone 
body. 

10. A method of forming a silicone envelope for 
an implantable prosthesis having a porous outer 
surface comprising 

a) applying a fluid crosslinkable silicone 
elastomeric composition to the outside surface of a 
mandrel having a handle, said outside surface be- 
ing formed of a polystyrene foam having open 
pores thereon, 

b) at least partially crosslinking said silicone 
composition while in contact with said foam, 
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c) leaching the foam from the crosslinked 
body with a first solvent to form a hollow 
elastomeric body having a porous surface and a 
hole through the surface where the handle was 
inserted, and s 

d) inverting said hollow elastomeric body so 
that the porous surface faces outwardly. 

1 1 . .A method of forming an implantable vascu- 
lar prosthesis comprising io 

a) applying a fluid crossiinkable silicone 
elastomer composition to the outside surface of a 
rod-shaped mandrel, said outside surface being 
formed of a polystyrene foam having open pores 
thereon, 75 

b) at least partially crosslinking said silicone 
composition while in contact with said foam, and 

c) leaching- the foam from the crosslinked 
body with a first solvent to form a hollow 
elastomeric body having an interior porous surface. 26 

12. A polymeric body having a porous surface 
produced in accordance with the method of claim 
1. 

13. A polymeric body having a porous surface 25 
produced in accordance with the method of claim 

3. 

14. A polymeric body having a porous surface 
produced in accordance with the method of claim 

7. 30 

15. A polymeric body having a porous surface 
produced in accordance with the method of claim 
9. 
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© A method of making a polymeric body having a 
porous surface by a) applying a fluid polymeric 
composition to a mold surface of a leachable foam 
having open pores thereon, b) curing the composi- 
tion to form the polymeric body, and c) leaching the 
foam from the polymeric body with a suitable solvent 
which does not dissolve the polymeric body. The 
method is especially suitable for making porous sili- 
cone elastomer bodies by using polystyrene foam as 
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